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Abstract
Effective Lagrangian including technimesons is constructed for a realistic one-
family Technicolor model without exact custodial symmetry. Tree level contri-
bution to oblique correction parameters S and U due to spin 1 technimesons
are computed with the effective Lagrangian. An isospin breaking term which
is associated with technilepton vector mesons gives a negative contribution
to the electroweak radiative correction parameter S due to mixing between
I = 0 and I = 1 vector mesons. U receives non-zero contribution due to ex-
otic left-handed charged vector mesons and its sign can be both negative and
positive.
1 Introduction
It has been shown that Technicolor models are strongly constrained by precision mea-
surements of electorweak parameters. In particular, QCD scale up one-family Technicolor
model with exact custodial symmetry seem to be already excluded by studying an oblique
correction parameter S [1].
Stheory = 0.28 × 4 = 1.1
Sexp = −0.42 ± 0.45
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where Stheory is an estimation with vector and axial vector meson dominance assumption
for QCD scale up one-family Technicolor model. (See appendix E.) A factor of 4 comes
from the fact that the model contains 4 SU(2) doublet of technifermions. Sexp is quoted
from [2] and the reference point of the standard model is taken atmt = 150GeV andmH =
1TeV . However, according to ref.[3], this is not the case for Technicolor models without
exact custodial symmetry. A realistic model is proposed for a one-family Technicolor
model. In their model, isospin breaking is introduced for a light technilepton doublet.
The doublet contributes to a radiative correction parameter S in negative sign while
keeping ρ parameter nearly equal to 1. In their analysis, free technifermion model is used
to compute S parameter.
In this paper, we compute the oblique corrections (S, T and U ) in an alternative
way. We construct an effective Lagrangian with low lying technimesons for the one-family
Technicolor model without exact custodial symmetry. By using the effective Lagrangian,
we can compute non-perturbative effect on the radiative correction parameters S,T, and
U due to bound states of technifermions. Our paper is organized in the following way. In
§2, we review feature of the model. With some assumption on the low lying technimesons’
spectrum, we construct a low energy effective Lagrangian. In §3, S, T , and U parameters
are computed with the Lagrangian. It is shown that S parameter receives negative con-
tribution due to the mixing between isosinglet and isotriplet techni-vector mesons. §4 is
devoted to finding the range of the paramerters for negative S. Conclusions and discussion
are summarized in §5.
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2 Effective Lagrangian for a Technicolor model without
exact custodial symmetry
Let us describe the model briefly [3]. The model has a global symmetry : G = SU(6)L ⊗
SU(6)R ⊗ SU(2)L ⊗ U(1)2R ⊗ U(1)8L ⊗ U(1)8R ⊗ U(1)V which is spontaneously broken
to H = SU(6)V ⊗ U(1)2V ⊗ U(1)8V ⊗ U(1)V . The part of G must be broken explicitly in
order that unnecessary massless physical Nambu-Goldstone bosons disappear.
The technifermions are assigned to the following representations of SU(3)c⊗SU(2)⊗
U(1)Y ⊗ SU(NTC):
(U,D)L = (3, 2,
YLq
2
, NTC),
UR = (3, 1,
YLq
2
+
1
2
, NTC),
DR = (3, 1,
YLq
2
− 1
2
, NTC),
(N,E)L = (1, 2,
YLl
2
+
1
2
, NTC),
ER = (1, 1,
YLl
2
− 1
2
, NTC),
where YLq(YLl) is hypercharge of lefthanded techniquark(technilepton) (YLq = 1/3, YLl =
−1 ).
The following mass spectrum is assumed for technifermions:
(1) MU =MD,
(2) MN < ME < MU .
SU(6)V symmetry is preserved because techniquarks are degenerate, while SU(2)V
symmetry is explicitly broken due to isospin breaking of technileptons. To proceed further,
we need to know the technimesons spectrum of the model. Since the model does not
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have the same global symmetry as that of QCD ( SU(2)L ⊗ SU(2)R in chiral limit )
and underlying dynamics may be also different from that, we can not simply scale up
the mesons’ spectrum in QCD. Here we make use of the global symmetry as a guide to
construct an effective Lagrangian. Global symmetry strongly constraints the structure of
effective Lagrangian as well as properties of bound states included in effective Lagrangian.
Concerned with technimesons, which are bound states of technifermions, we need to make
a few assumptions. In this paper, we include only spin 0 (Nambu Goldstone Bosons (NGB)
and Pseudo Nambu Goldstone Bosons (PNGB)) and spin 1 mesons. For the purpose of
studying tree level contribution to the oblique correction parameters, S,T, and U, other
mesons with higher spins (spin≥ 2) can be ignored because they do not contribute to self
energy corrections of gauge bosons. Further we only keep O(p2) terms for NGB and PNGB
sector and ignore their loop effects and O(p4) counter terms. About spin 1 mesons, we
employ the approach of including vector mesons into chiral Lagrangian [4][5] and extend
it to our case. In table(1), technimesons and their technifermion contents as well as their
J,P,C, and I are listed.(For spin 0 sector, we quote them from ref.[3].) Note that charged
technilepton NGBs (Π±) do not have definite parity because Π± are NGBs associated with
SU(2)L not SU(2)A. ( Note that we do not have full SU(2)R symmetry.) In the same way,
exotic left-handed charged vector mesons(AL) are introduced so that they interact with
Π± and SU(2) ⊗ U(1) gauge bosons etc without loss of the invariance. Corresponding to
spin0, vector, and axial and left-handed vector mesons, the effective Lagrangian consists
of three parts: LS , LV , and LA: The explicit form for them will be presented below.
LS ( spin0 sector )
This part of the Lagrangian consists of O(p2) terms of NGBs and PNGBs.
LS = F 26 tr(α6⊥)2 + F 2Ltr(αL⊥)2 + F 22 tr(α2⊥)2 + F 28 tr(α8⊥)2
4
+ β⊥tr(α8⊥τ3α2⊥) + L′br, (1)
where,
α6⊥µ = 2
35∑
α=1
(
Tα
0
)
tr[Tα
ξ6∇Rµξ†6 − ξ†6∇Lµξ6
2i
], (2)
αL⊥µ = −2
2∑
a=1
1
2
(
0
τa
)
tr[
τa
2
ξ†2∇ˆLµξ2
2i
], (3)
α2⊥µ = 2
1
2
(
0
τ3
)
tr[
τ3
2
ξ†1∇ˆRµξ1 − ξ†2∇ˆLµξ2
2i
], (4)
α8⊥µ = 2
1
4
√
3
(
I6
−3I2
)
[tr{ 1
4
√
3
ξ6∇Rµξ†6 − ξ†6∇Lµξ6
2i
}
+tr{ −3
4
√
3
ξ†1∇ˆRµξ1 − ξ†2∇ˆLµξ2
2i
}], (5)
where,
∇Rµ = ∂µ + ig′(τ
3
2
⊗ I3)Bµ + ig′(YLQ
2
⊗ I3)Bµ, (6)
∇Lµ = ∂µ + ig
3∑
A=1
(
τA
2
⊗ I3)WAµ + ig′(
YLQ
2
⊗ I3)Bµ, (7)
∇ˆRµ = ∂µ + ig′ τ
3
2
Bµ + ig
′YLl
2
Bµ, (8)
∇ˆLµ = ∂µ + ig
3∑
A=1
τA
2
WAµ + ig
′YLl
2
Bµ, (9)
ξ6 = exp(i
35∑
α=1
TαPα
F6
+ i
1
4
√
3
θ8
F8
), (10)
ξ2 = exp(i
2∑
a=1
τaΠa
2FL
+ i
τ3Π3
2F2
− i 3
4
√
3
θ8
F8
), (11)
ξ1 = exp(−iτ
3Π3
2F2
+ i
3
4
√
3
θ8
F8
). (12)
In (1) L′br consists of explicit breaking terms which make physical NGB massive. Without
L′br and SU(2)L⊗U(1)Y gauge interaction, we have 3 color singlet physical massless NGBs
which are linear combinations of θ8,Π
3,Π±, P 3 and P±. Here P± and P 3 are SU(2) triplet
5
and color singlet bound states of techniquarks. By adding L′br, we can make them massive.
(See appendix D for the details.) In (3), τa is a projection into SU(2)L (a = 1, 2) part.
In (6)-(9), WA and B are SU(2) ⊗ U(1)Y gauge bosons. In (10)-(12), ξs correspond to
NGB fields. Tα are generator of SU(6) and τa, τ3 are Pauli matrices. Pα are 35 NGBs
for broken SU(6)A symmetry, which are techniquark bound states. Π
a(a = 1, 2) and Π3
are NGBs for broken SU(2)L(τ
a : a = 1, 2) and U(1)2A symmetry respectively, which
are technilepton bound states. θ8 is a NGB for U(1)8A symmetry. F6, FL, F2 and F8
are decay constants for these NGBs. Note that FL is not degenerate with F2 because
custodial symmetry is broken in the sector and ΠL form an irreducible representation
under U(1)2V which Π
3 does not belong to. The difference between FL and F2 gives rise
to small deviation of ρ parameter from 1 (see (76)). The transformation of ξs are given
by;
ξ′6 = gL6ξ6h
†
6 = h6ξ6g
†
R6, (13)
ξ′2 = gL2ξ2h
†
2, (14)
ξ′1 = gR2ξ1h
†
2, (15)
θ′8
F8
=
θ8
F8
+ φR8 − φL8, (16)
where,
gL6 = exp (iT
α
6 φ
α
L6 + i
1
4
√
3
φL8 + i
1
4
φV ), (17)
gR6 = exp (iT
α
6 φ
α
R6 + i
1
4
√
3
φR8 + i
1
4
φV ), (18)
gL2 = exp (i
2∑
a=1
τaφaL2 + iτ
3φ3L2 − i
3
4
√
3
φL8 + i
1
4
φV ), (19)
gR2 = exp (iτ
3φ3R2 − i
3
4
√
3
φR8 + i
1
4
φV ), (20)
6
h6 = hˆ6hQ1, (21)
hˆ6 = exp (iT
α
6 φ
α
V 6), (22)
hQ1 = exp (i
1
2
√
3
φQ1), (23)
h2 = hˆ2hL1, (24)
hˆ2 = exp (i
τ3
2
φV 2), (25)
hL1 = exp (i
1
2
φL1), (26)
and φL8 and φR8 are x independent parameters of U(1)8L ⊗U(1)8R transformations. It is
not difficult to see that α6⊥µ , αL⊥µ and α2⊥µ transform as:
α′6⊥µ = hˆ6α6⊥µhˆ
†
6, (27)
α′2Lµ = hˆ2α2Lµhˆ
†
2, (28)
α′2⊥µ = α2⊥µ, (29)
α′8⊥µ = α8⊥µ. (30)
L (Vector meson(1−−) sector)
In addition to NGBs and PNGBs, we incorporate vector mesons into the effective La-
grangian. Corresponding to unbroken symmetry: SU(6)V ⊗ U(1)2V ⊗ U(1)8V ⊗ U(1)V ,
we introduce 38 vector mesons, 35 of them are techniquark bound states which belong to
the adjoint representation of SU(6)V . Corresponding to U(1)qV (U(1)V for techniquark
sector) ,U(1)lV (U(1)V for technilepton sector) and U(1)2V , three neutral vector mesons,
techni ωq (ω6µ), techni ωl (ω2µ), and techni ρl (ρ2µ) are introduced. For the techniquark
sector of the effective lagrangian, we can just extend the approach of [4] [5] into the larger
symmetry, i.e, chiral SU(6)L ⊗ SU(6)R ⊗ U(1)6V . On the otherhand, for technilepton
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sector, non-trivial isospin breaking terms are introduced. Let us record vector meson part
of the effective Lagrangian first,
LV = 1
2
trFµνV6 FV6µν +
1
2
trFµνV2 FV2µν +
1
2
trFµνVω6FVω6µν +
1
2
trFµνVω2FVω2µν
− M2V6tr(V6µ −
i
G6
α6‖µ)2 −M2Vω6tr(Vω6µ −
i
Gω6
αω6‖µ)2
− M2V2tr(V2µ −
i
G2
α2‖µ)2 −M2Vω2tr(Vω2µ −
i
Gω2
αω2‖µ)2
+ αV trF
µν
V2
τ3FVω2µν
− βV tr(V2µ − i
G2
α2‖µ)τ3(Vω2µ −
i
Gω2
αω2‖µ), (31)
where
α6‖µ = 2
35∑
α=1
(
Tα
0
)
tr[Tα
ξ6∇Rµξ†6 + ξ†6∇Lµξ6
2i
], (32)
αω6‖µ = 2
1
2
√
3
(
I6
0
)
tr[
1
2
√
3
ξ6∇Rµξ†6 + ξ†6∇Lµξ6
2i
], (33)
α2‖µ = 2
1
2
(
0
τ3
)
tr[
τ3
2
ξ†1∇ˆRµξ1 + ξ†2∇ˆLµξ2
2i
], (34)
αω2‖µ = 2
1
2
(
0
I2
)
tr[
1
2
ξ†1∇ˆRµξ1 + ξ†2∇ˆLµξ2
2i
]. (35)
Vector mesons are decomposed into their component fields,
V6µ = i
35∑
α=1
(
Tα
0
)
ρα6µ, (36)
Vω6µ = i
1
2
√
3
(
I6
0
)
ω6µ, (37)
V2µ = i
1
2
(
0
τ3
)
ρ2µ, (38)
Vω2µ = i
1
2
(
0
I2
)
ω2µ. (39)
The quantities defined above transform under G in the following way,
{
α′6‖µ = hˆ6α6‖µhˆ
†
6 − ihˆ6∂µhˆ†6
V ′6µ = hˆ6V6µhˆ
†
6 +
1
G6
hˆ6∂µhˆ
†
6.
, (40)
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{
α′ω6‖µ = αω6‖µ − ihQ1∂µh†Q1
V ′ω6µ = Vω6µ +
1
Gω6
hQ1∂µh
†
Q1.
, (41)
{
α′2‖µ = α2‖µ − ihˆ2∂µhˆ†2
V ′2µ = V2µ +
1
Gω2
hˆ2∂µhˆ
†
2.
, (42)
{
α′ω2‖µ = αω2‖µ − ihL1∂µh†L1
V ′ω2µ = Vω2µ +
1
Gω2
hL1∂µh
†
L1.
. (43)
In (31), the terms which are proportional to αV and βV break isospin symmetry.
The term with the coefficient αV generates mixing between techni ωl (ω2µ (I = 0) ) and
techni ρl (ρ2µ (I = 1) ) through the kinetic term while the term which coefficient is βV
generates the mixing through the mass term.
Axial vector meson (A) and left-handed vector meson (AL) sector
This part of the Lagrangian are given by,
LA = 1
2
trFµνA6FA6µν +
1
2
trFµνALFALµν +
1
2
trFµνA2FA2µν +
1
2
trFµνA8FA8µν
− M2A6tr(A6µ −
i
λ6
α6⊥µ)2 −M2A8tr(A8µ −
i
λ8
α8⊥µ)2
− M2ALtr(ALµ −
i
λL
αL⊥µ)2 −M2A2tr(A2µ −
i
λ2
α2⊥µ)2
− αA 2√
3
trFµνA2 τ
3FA8µν
+ βA
2√
3
tr(A2µ − i(1 + δ)
λ2
α2⊥µ)τ3(A8µ − i(1 + δ
′)
λ8
α8⊥µ)
+
1
4
β2AM
2
A2δ
2
M2A2M
2
A8 − 14β2A
1
λ22
tr(α2⊥µ)2
+
1
4
β2AM
2
A8δ
′2
M2A2M
2
A8 − 14β2A
1
λ28
tr(α8⊥µ)2
+
2√
3
δδ′βAM2A2M
2
A8
M2A2M
2
A8 − 14β2A
1
λ2λ8
tr(α2⊥µτ3α8⊥µ). (44)
The decomposition into component fields is given by,
A6µ = i
35∑
α=1
(
Tα
0
)
aα6µ, (45)
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A8µ = i
1
4
√
3
(
I6
−3I2
)
a8µ, (46)
ALµ = i
2∑
a=1
1
2
(
0
τa
)
aaLµ, (47)
A2µ = i
1
2
(
0
τ3
)
a2µ. (48)
In (46), τa(a = 1, 2) is a projection into SU(2)L. They transform under G in the following
way,
A′6µ = hˆ6A6µhˆ
†
6, (49)
A′8µ = A8µ, (50)
A′Lµ = hˆ2ALµhˆ
†
2, (51)
A′2µ = A2µ. (52)
Note that there are not inhomogeneous terms for the transformation of axial (A) and left-
handed (AL) vector mesons under G. Therefore the mixing terms between these vector
mesons and PNGB occur. This effect results in redefinition of the coefficients of O(p2)
terms of NGB and PNGB sector ((1)). In order to avoid the redifinition of the coefficients,
we just need to add the appropriate O(p2) terms in axial and left-handed vector meson
sector. The O(p2) terms of NGBs and PNGBs in (44) are chosen so that the O(p2)
terms in (1) will not be altered after eliminating A and AL with their equation of motion.
(See appendix D for the details of the procedure.) Compared with vector meson sector,
two additional terms with the coefficients δ and δ′ come in (44). Both of them are isospin
breaking terms and can contribute to S and U through mixing between axial vector mesons
(a2 and a8) and PNGBs (Π
3 and θ8). However, because we focus on the contribution due
to vector, axial and left-handed vector mesons only, we ignore the contribution due to
these terms and put δ and δ′ zero in the following analysis.
10
3 S,T and U parameter
The electroweak radiative correction parameter S, T and U are defined in terms of the
gauge boson self-energy:
S = 16pi
d
dq2
[δΠ33(q
2)− δΠ3Q(q2)] |q2=0
= −16pi d
dq2
[δΠ3Y (q
2)] |q2=0, (53)
αT =
g2 + g′2
M2Z
[δΠ11(0)− δΠ33(0)], (54)
U = 16pi
d
dq2
[δΠ11(q
2)− δΠ33(q2)] |q2=0 . (55)
where the δΠ is contribution of beyond standard model.
In order to compute technimesons contribution to S, T and U , we need to expand
the effective Lagrangian in terms of their component fields explicitly. Because we only
consider their tree level contribution here, it is suffice to keep technicolor singlet and color
singlet technimesons in the expansion. We also have done one more simplification. In
princple, not only vector, axial and lefthanded-vector mesons, PNGBs can contribute to S
and U even in the tree level when isospin is not exact symmetry. For example, PNGB θ8
can mix with W3 and B through the isospin breaking term which strength is given by β⊥
in (1). Since the mixing term is derivative coupling, the contribution to S is proportional
to β2⊥/M
2
θ8. Here Mθ8 is a mass of θ8which comes from the explicit breaking of U(1)8A.
Similarly, Π3 can contribute to S and U through isospin breaking terms whose coefficients
are δ and δ′. Since we have not known the masses of PNGBs and how they mix with
each other, we just assumed that they are so heavy or the mixing with gauge bosons are
so small that their contribution to S and U are negligible. This amounts to the following
11
simplification in the effective Lagrangian.
β⊥ = δ = δ′ = 0. (56)
Under this assumption, in tree level, it is spin 1 technimesons that contribute to S and
U . In the following, we compute S, T and U in techniquark sector and in technilepton
sector respectively. The latter computation will tell us how differently custodial symmetry
breaking terms contribute to S compared with techniquark sector where custodial sym-
metry is exact.
The techniquark sector
In this sector, color singlet and SU(2) triplet part of techni-vector mesons V6(1
−)
and A6(1
+) contribute to S. Since SU(2) singlet vector mesons such as Vω6 and A8 do
not couple with W3, they will not contribute to S. The mixing terms between the vector
mesons and gauge bosons are given by :
L6int = −M2V6tr(V6µ −
i
G6
α6‖µ)2 −M2A6tr(A6µ −
i
λ6
α6⊥µ)2
= 2M2V6 [
ρ6
2
−
√
3
4G6
(gW3 + g
′B)]2 + 2M2A6 [
a6
2
+
√
3
4λ6
(gW3 − g′B)]2. (57)
ρ6(a6) are color singlet and isotriplet vector(axial vector) mesons. Therefore, these terms
induce W3 − (ρ6, a6) and B − (ρ6, a6) mixing and contributes to S through the Feynman
diagram (Fig.(1)). We obtain S in techniquark sector.
igg′Sq = −16pi d
dq2
[(i
√
3
M2V 6
2G6
g)
−i
q2 −M2V 6
(ig′
√
3
M2V 6
2G6
)] |q2=0
−16pi d
dq2
[(i
√
3
M2A6
2λ6
g)
−i
q2 −M2A6
(−ig′
√
3
M2A6
2λ6
)] |q2=0 . (58)
Sq = 4pi[
3
G26
− 3
λ26
]. (59)
12
The technilepton sector
In this sector, there are isospin breaking terms,
L′ = αV trFµνV2 τ3FVω2µν
− βV tr(V2 − i
G2
α2‖µ)τ3(Vω2 −
i
Gω2
αω2‖µ)
− αA 2√
3
trFµνA2 τ
3FA8µν
+ βA
2√
3
tr(A2µ − i
λ2
α2⊥µ)τ3(A8µ − i
λ8
α8⊥µ). (60)
Because of these terms, isospin of vector mesons is not a conserved quantity and mixing
between I=0 and I=1 vector mesons can occur. Then, SU(2) singlet vector mesons such
as techni ωl (ω2) can contribute to S through the mixing terms. Therefore , we need to
diagonalize mass terms and kinetic terms of vector mesons. By expanding the effective
Lagrangian, we obtain:
LV = −1
4
( ∂[µ,ρ2ν] ∂[µ,ω2ν] )
(
1 αV
αV 1
)(
∂[µ,ρ2ν]
∂[µ,ω2ν]
)
+
1
2
( ρ2 ω2 )
(
M2V 2
βV
2
βV
2 MVω2
)(
ρ2
ω2
)
−1
2
( ρ2 ω2 )
(
M2V 2
βV
2
βV
2 M
2
Vω2
)( gW3+g′B
G2
2YLlg
′B
Gω2
)
, (61)
LA = −1
4
( ∂[µ,a2ν] ∂[µ,a8ν] )
(
1 αA
αA 1
)(
∂[µ,a2ν]
∂[µ,a8ν]
)
+
1
2
( a2 a8 )
(
M2A2
βA
2
βA
2 MA8
)(
a2
a8
)
+
1
2
( a2 a8 )
(
M2A2
βA
2
βA
2 M
2
A8
)( gW3−g′B
λ2
0
)
, (62)
where
∂[µ,Vν] = ∂µVν − ∂νVµ.
13
The kinetic and mass terms can be diagonalized by doing the following transfor-
mations successively.
(
ρm2
ωm2
)
= UmV ZV UDV
(
ρ2
ω2
)
, (63)
(
am2
am8
)
= UmAZAUDA
(
a2
a8
)
, (64)
where UD,Z and Um are defined by,
UDV (A) =
( 1√
2
− 1√
2
1√
2
1√
2
)
, (65)
ZV (A) =
(
(1− αV (A))
1
2 0
0 (1 + αV (A))
1
2
)
, (66)
UmV (A) =
(
cV (A) −sV (A)
sV (A) cV (A)
)
. (67)
UD is a 45 degree rotation matrix to diagonalize the kinetic terms. Z is a scale trans-
formation to keep correct normalization for the kinetic terms. Finally Um is a rotation
matrix which diagonalizes the mass terms. Um relates the mass matrices to their eigen
values in the following way.
(
M2ρ 0
0 M2ω
)
= UmV Z
−1
V UDV
(
M2V 2
βV
2
βV
2 MV ω2
)
U−1DV Z
−1
V U
−1
mV
= UmV

 12(1−αV )(M2V 2 +M2V ω2 − βV ) 12√(1−α2V )(M2V 2 −M2V ω2)
1
2
√
(1−α2
V
)
(M2V 2 −M2V ω2) 12(1+αV )(M2V 2 +M2V ω2 + βV )

U−1mV , (68)
(
M2a2 0
0 M2a8
)
= UmAZ
−1
A UDA
(
M2A2
βA
2
βA
2 MA8
)
U−1DAZ
−1
A U
−1
mA
= UmA

 12(1−αA)(M2A2 +M2A8 − βA) 12√(1−α2A)(M2A2 −M2A8)
1
2
√
(1−α2
A
)
(M2A2 −M2A8) 12(1+αA)(M2A2 +M2A8 + βA)

U−1mA. (69)
In (68) and (69), Mρ and Mω (Ma2 and Ma8) are eigenvalues of vector (axial vector)
mesons mass matrix. With these transformations, the interaction term between gauge
14
bosons and vector mesons are given by:
Lint = −1
2
( ρm2 ω
m
2 )
(
M2ρ 0
0 M2ω
)
UmV ZV UDV
(
gW3+g′B
G2
2YLlg
′B
Gω2
)
+
1
2
( am2 a
m
8 )
(
M2a2 0
0 M2a8
)
UmAZAUDA
( gW3−g′B
λ2
0
)
, (70)
where,
(
M2ρ 0
0 M2ω
)
UmV ZV UDV
= 1√
2
(
M2ρ [cV (1− αV )
1
2 − sV (1 + αV ) 12 ] M2ρ [−cV (1− αV )
1
2 − sV (1 + αV ) 12 ]
M2ω[cV (1 + αV )
1
2 + sV (1− αV ) 12 ] M2ω[cV (1 + αV )
1
2 − sV (1− αV ) 12 ]
)
, (71)
(
M2a2 0
0 M2a8
)
UmAZAUDA
= 1√
2
(
M2a2[cA(1− αA)
1
2 − sA(1 + αA) 12 ] M2a2[−cA(1− αA)
1
2 − sA(1 + αA) 12 ]
M2a8[cA(1 + αA)
1
2 + sA(1− αA) 12 ] M2a8[cA(1 + αA)
1
2 − sA(1− αA) 12 ]
)
. (72)
By computing the Feynman diagram (Fig.2), the sum of the contribution to S due to
technilepton sector and techniquark sector ((59)) is,
S = 4pi[
3
G26
− 3
λ26
+
1
G22
− 1
λ22
+ YLl
2αV
G2Gω2
]. (73)
The term which is proportional to YLl is due to isospin breaking. The minimum of S can
be obtained for αV = 1 because of YLl = −1. Only ωm2 which consists of NN¯ component
contributes to S in that case, because EE¯ component of vector meson decouples and ideal
mixing is realized. This confirms that the conjecture of the importance of ω which consists
of NN¯ in the same model[3]. For T parameter, we obtain the same expression as that is
given in ref.[3]. For completeness, we give the explicit form here.
M2W =
1
4
g2{3F 26 + F 2L}, (74)
M2Z =
1
4
(g2 + g′2){3F 26 + F 22 }, (75)
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αT = ρ− 1 = F
2
L − F 22
3F 26 + F
2
2
. (76)
With the assumption:FL, F2 ≪ F6, T parameter can be so small even if there is a splitting
between FL and F2 as stated by the authors of [3]. Finally we compute U parameter. U
parameter is zero if the isospin symmetry is exact. Therefore the contribution to U in
the present model comes only from technilepton sector. The left-handed vector meson aL
contributes to δΠ11 part of U (Fig.(3)). This contribution is not cancelled by δΠ33 part
which I = 1 vector (ρ2) and axial vector (a2) mesons contribute to.
U = 4pi[
1
G22
+
1
λ22
− 1
λ2L
]. (77)
The sign and the value of U depend on three coupling constants ; G2, λ2, and λL.
4 The range of parameters for negative S
In this section, we explore the parameter region where S parameter is negative since the
present experiment fits favor negative S [2]. If the future experiments constraint on S is
improved, we may do more complete analysis. Before studying the results of the model
without exact custodial symmetry, let us review the estimation of Sq(the contribution of S
in techniquark sector) under the assumption that the techniquark sector is just QCD scale
up technicolor theory so that we can get a hint of the order of S which we are arguing.
If underlying dynamics of Technicolor for techniquark sector is exactly the same as that
of QCD (NTC = NC = 3), we can estimate the parameters of the techniquark sector in
the effective Lagrangian by simply scaling up the corresponding parameters. Because Sq
depends only on dimensionless coupling constants G6 and λ6, we may use the same value
for the correspoinding coupling constants which are determined by low energy hadronic
processes. We have determined G6 from ρ→ pipi decay and λ6 from a1(1260) → piγ. This
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leads to G6
2 = 31.5 and λ6
2 = 106.(See appendix E.)
Sq = (0.40 − 0.12) × 3 = 0.28 × 3 (78)
0.40 comes from the contribution of I = 1 vector meson while 0.12 comes from I = 1 axial
vector meson. A factor of 3 comes from the fact that the techniquark sector contains three
SU(2) doublet corresponding to color degree of freedom. This result is consistent with the
result with dispersion analysis [1] and the results given by chiral lagrangian with vector
resonances. [6]
Now let us turn to the present model. Since we have not known the underlying
dynamics of the present model, we do not have any guiding principle to determine the
parameters of our model without experimental information. Therefore instead of trying to
predict S in our model, we determine the allowed region of the parameters of the effective
lagrangian by imposing the present experimentally allowed region for S. Since we have
many parameters, we further need to limit ourselves into the small parameter space to
draw some definite conclusions. Here we simply assume that S is dominated by only vector
mesons and the contribution of axial vector mesons can be ignored. As shown in (78), this
is a good approximation in case of the QCD scale up technicolor model. However it is not
clear if the assumption still holds even in the present model. Nevertheless, let us proceed
further. Under the assumption of vector (1−−) dominance, S is given by,
S = 4pi[
3
G26
+
1
G22
− αV 2
G2Gω2
]
≥ 4pi[ 3
G26
+
1
G22
− 2
G2Gω2
]. (79)
Here we have substituted YLl = −1 in (73) and neglect axial vector contribution. In the
second line of (79), the inequality holds because αV can take its value between −1 and 1
and αV = 1 makes S minimum. Note that the bound for αV comes from the condition for
17
the positive semi-definitness of the kinetic terms of vector mesons (65). In the follwing we
assume that αV = 1 and impose the condition of negative S. The condition for S ≤ 0 now
leads a relation,
G6
G2
(
2G6
Gω2
− G6
G2
) ≥ 3. (80)
This region is shown in Fig.(4) in the parameter space (G6/G2 vs G6/Gω2). We can get
the lower bound for one of the parameter, G6/Gω2.
G6
Gω2
≥
√
3 (81)
Hence Gω2 must be smaller than G6 in ordet to make S negative. This means that the
coupling strength between techni ωl and gauge bosons are stronger than that between
techni ρq and gauge bosons. Note that the coupling strength between gauge bosons and
vector mesons is proportional to 1/G. Since the negative contribution to S is proportional
to YLl and YLl part of hypercharge interaction couples with techni ωl, strong coupling
between techni ωl and hypercharge gauge boson B is preferred to get negative S.
5 Conclusions and Discussion
In this paper, we have constructed an effective Lagrangian for a technicolor model without
exact custodial symmetry. By using the Lagrangian, we compute tree level contribution to
S and U due to spin 1 technimesons. We have shown that in a realistic one-family model,
the techni ρl and the techni ωl mixing can contribute to S parameter with negative sign.
The most important term in our effective Lagrangian is the mixing in the kinetic term,
trFρτ
3Fω . S is independent of the coeffcient of the mass mixing term βV . We also study
the condition to make S minimum under the vector meson (1−−) dominance. We find
that the vector meson consists of NN¯ component must be dominant dynamical degree of
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freedom to make S minimum. (αV = 1 ) This argument holds as far as hypercharge (YLl)
for which isospin breaking is introduced is negative. Thus the mechanism for negative S
presented in this paper does not work for one doublet model with YL = 0. This conclusion
is consistent with an analysis with a free technifermion model [3]. On the contrary to
the present model, we may introduce a small isospin breaking for techniquark sector.
In that case, the corresponding parameter of isospin breaking term, αV must be -1 to
make S minimum because hypercharge of techniquark YLq is positive. The vector mesons
consisits of DD¯ component will play major role to make S minimum in that case. We
also note that exotic lefthanded charged vector mesons are naturally introduced in our
framework. They contribute to U due to the mixing withW±. U can be both negative and
positive depending on the parameters. There are many things to be done in this direction.
The relation between our computation and that with a free technifermion model must be
clarified. The origin of the isospin breaking must be studied. Also we need to relate the
parameters of the effective Lagrangian to more fundamental interaction for example, by
modeling technicolor by Nambu Jona-Lasinio model [7].
Acknowledgement
We would like to thank V.A. Miransky for informing us of [3] and thank T. Onogi, K.
Hikasa and M. Harada for discussions.
19
Appendix
In this appendix, we provide some useful formulas needed to derive the results given in
the text.
A Effective Lagrangian
LS = F 26 tr(α6⊥)2 + F 2Ltr(αL⊥)2 + F 22 tr(α2⊥)2 + F 28 tr(α8⊥)2
+ β⊥tr(α8⊥τ3α2⊥), ( A.1 )
LV = 1
2
trFµνV6 FV6µν +
1
2
trFµνV2 FV2µν +
1
2
trFµνVω6FVω6µν +
1
2
trFµνVω2FVω2µν
− M2V6tr(V6µ −
i
G6
α6‖µ)2 −M2Vω6tr(Vω6µ −
i
Gω6
αω6‖µ)2
− M2V2tr(V2µ −
i
G2
α2‖µ)2 −M2Vω2tr(Vω2µ −
i
Gω2
αω2‖µ)2
+ αV trF
µν
V2
τ3FVω2µν
− βV tr(V2µ − i
G2
α2‖µ)τ3(Vω2µ −
i
Gω2
αω2‖µ), ( A.2 )
LA = 1
2
trFµνA6FA6µν +
1
2
trFµνALFALµν +
1
2
trFµνA2FA2µν +
1
2
trFµνA8FA8µν
− M2A6tr(A6µ −
i
λ6
α6⊥µ)2 −M2A8tr(A8µ −
i
λ8
α8⊥µ)2
− M2ALtr(ALµ −
i
λL
αL⊥µ)2 −M2A2tr(A2µ −
i
λ2
α2⊥µ)2
− αA 2√
3
trFµνA2 τ
3FA8µν
+ βA
2√
3
tr(A2µ − i(1 + δ)
λ2
α2⊥µ)τ3(A8µ − i(1 + δ
′)
λ8
α8⊥µ)
+
1
4
β2AM
2
A2δ
2
M2A2M
2
A8 − 14β2A
1
λ22
tr(α2⊥µ)2
+
1
4
β2AM
2
A8δ
′2
M2A2M
2
A8 − 14β2A
1
λ28
tr(α8⊥µ)2
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+
2√
3
δδ′βAM2A2M
2
A8
M2A2M
2
A8 − 14β2A
1
λ2λ8
tr(α2⊥µτ3α8⊥µ). ( A.3 )
B Decomposition into fields’ components
In terms of fields’ components, α⊥s and α‖s are given by:
α6⊥µ = − 1
2
√
3F6
{
2∑
a=1
τa(∂µP
a +
√
3F6
2
gW aµ )
+τ3(∂µP
3 +
√
3F6
2
(gW 3µ − g′Bµ))} ⊗ I3, ( B.1 )
αL⊥µ = − 1
2FL
2∑
a=1
τa{∂µΠˆa + FL
2
gW aµ}, Πˆa ≡
1
2
Πa, ( B.2 )
α2⊥µ = − 1
2F2
τ3{∂µΠ3 + F2
2
(gW 3µ − g′Bµ)}, ( B.3 )
α8⊥µ = − 1
4
√
3F8
(
I6
−3I2
)
∂µθ8, ( B.4 )
( B.5 )
A6µ − i
λ6
α6⊥µ =
i
2
√
3
τ3 ⊗ I3[a36µ +
1
λ6F6
{∂µP 3 +
√
3F6
2
(gW 3µ − g′Bµ)}
+
i
2
√
3
2∑
a=1
τa ⊗ I3[aa6µ +
1
λ6F6
{∂µP a +
√
3F6
2
gW aµ}], ( B.6 )
ALµ − i
λL
αL⊥µ =
i
2
2∑
a=1
τa[aLµ +
1
λLFL
{∂µΠˆa + FL
2
gW aµ}], ( B.7 )
A2µ − i
λ2
α2⊥µ =
i
2
τ3[a2µ +
1
λ2F6
{∂µΠ3 + F2
2
(gW3µ − g′Bµ)}], ( B.8 )
A8µ − i
λ8
α8⊥µ =
i
4
√
3
(
I6
−3I2
)
[a8µ +
1
λ8F8
∂µθ8], ( B.9 )
V6µ − i
G6
α6‖µ =
i
2
√
3
τ3 ⊗ I3[ρ36µ −
√
3
2G6
(gW3µ + g
′Bµ)]
− i
2
√
3
2∑
a=1
τa ⊗ I3[ρa6µ −
√
3
2G6
(gW aµ )], ( B.10 )
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Vω6µ − i
Gω6
αω6‖µ =
i
2
√
3
I6[ω6µ −
√
3
2Gω6
(2YLlg
′Bµ)], ( B.11 )
V2µ − i
G2
α2‖µ =
i
2
τ3[ρ2µ − 1
2G2
(gW3µ + g
′Bµ)], ( B.12 )
Vω2µ − i
Gω2
αω2‖µ =
i
2
I2[ω2µ − 1
2Gω2
(2YLlg
′Bµ)]. ( B.13 )
By substituting these expressions, we obtain :
LS = 1
2
{(∂µP 3)2 + (∂µΠ3)2 + (∂µθ8)2}+ 1
2
2∑
a=1
{(∂µP a)2 + (∂µΠˆa)2}
+
1
2
2∑
a=1
(FL∂µΠˆ
a +
√
3F6∂µP
a)gW aµ +
1
2
(F2∂µΠ
3 +
√
3F6∂µP
3)(gW 3µ − g′Bµ)
+
1
8
(3F 26 + F
2
2 )(gW
3
µ − g′Bµ)2 +
1
8
(3F 26 + F
2
L)(gW
a
µ )
2
−
√
3β⊥
4F8F2
∂µθ8{∂µΠ3 + F2
2
(gW 3µ − g′Bµ)}+ L′br, ( B.14 )
LV = − 1
4
(∂[µ,ρ6ν])
2 − 1
4
(∂[µ,ω6ν])
2
− 1
4
(∂[µ,ρ2ν])
2 − 1
4
(∂[µ,ω2ν])
2 − αV
2
(∂[µ,ρ2ν])(∂[µ,ω2ν])
+
1
2
M2V 6{ρ36µ −
√
3
2G6
(gW 3µ + g
′Bµ)}2 + 1
2
M2V 6{ρa6µ −
√
3
2G6
gW aµ}2
+
1
2
M2ω6{ω6µ −
√
3
2Gω6
2g′YLqBµ}2
+
1
2
M2V 2{ρ2µ −
1
2G2
(gW 3µ + g
′Bµ)}2 + 1
2
M2ω2{ω2µ −
1
2Gω2
2g′YLlBµ}2
+
βV
2
{ρ2µ − 1
2G2
(gW 3µ + g
′Bµ)}{ω2µ − 1
2Gω2
2g′YLlBµ}, ( B.15 )
LA = − 1
4
(∂[µ,a
a
6ν])
2 − 1
4
(∂[µ,a8ν])
2
− 1
4
(∂[µ,a2ν])
2 − αA
2
(∂[µ,a8ν])(∂[µ,a2ν])
− 1
4
2∑
a=1
(∂[µa
a
Lν])
2
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+
1
2
M2A6
2∑
a=1
[aa6µ +
1
λ6F6
{∂µP a +
√
3F6
2
gW aµ}]2
+
1
2
M2A6[a
3
6µ +
1
λ6F6
{∂µP 3 +
√
3F6
2
(gW 3µ − g′Bµ)}]2
+
1
2
M2A8[a8µ +
1
λ8F8
∂µθ8]
2
+
1
2
M2A2[a
3
2µ +
1
λ2F2
{∂µΠ3 + F2
2
(gW 3µ − g′Bµ)}]2
+
βA
2
[a32µ +
1 + δ
λ2F2
{∂µΠ3 + F2
2
(gW 3µ − g′Bµ)}][a8µ +
1 + δ′
λ8F8
∂µθ8]
+
1
2
M2AL
2∑
a=1
[aaLµ +
1
λLFL
{∂µΠˆa + FL
2
gW aµ}]2
+
1
8
β2AM
2
A2δ
2
M2A2M
2
A8 − 14β2A
1
λ22F
2
2
{∂µΠ3 + F2
2
(gW 3µ − g′Bµ)}2
+
1
8
β2AM
2
A8δ
′2
M2A2M
2
A8 − 14β2A
1
λ28F
2
8
∂µθ
2
8
− 1
2
δδ′βAM2A2M
2
A8
M2A2M
2
A8 − 14β2A
1
F2F8λ2λ8
∂µθ8{∂µΠ3 + F2
2
(gW 3µ − g′Bµ)}, ( B.16 )
We fix the gauge into unitary gauge. This corresponds to the follwing replacement.
(gW 3µ − g′Bµ) → (gW 3µ − g′Bµ)−
2
3F 26 + F
2
2
(
√
3F6∂µP
3 + F2∂µΠ
3), ( B.17 )
gW aµ → gW aµ −
2
3F 26 + F
2
L
(
√
3F6∂µP
a + F2∂µΠˆ
a), ( B.18 )
We also redefine the axial vector and left-handed vector mesons.
aa6µ → aa6µ −
1
λ6F6
∂µP
a, ( B.19 )
a36µ → a36µ −
1
λ6F6
∂µP
3, ( B.20 )
a8µ → a8µ − 1
λ8F8
∂µθ8, ( B.21 )
a32µ → a32µ −
1
λ2F2
∂µΠ
3, ( B.22 )
aaLµ → aaLµ −
1
λLFL
∂µΠˆ
a. ( B.23 )
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Then, LS and LA are written in terms of physical degrees of freedom.
LS = 1
2
{(∂µΠ˜3)2 + (∂µΠ˜a)2 + (∂µθ8)2}
−
√
3β⊥
4F8F2
∂θ8{cosχ3∂µΠ˜3 + F2
2
(gW 3µ − g′Bµ)}
+
1
8
(3F 26 + F
2
2 )(gW
3
µ − g′Bµ)2 +
1
8
(3F 26 + F
2
L)(gW
a
µ )
2
+L′br, ( B.24 )
LA = − 1
4
(∂[µ,a
a
6ν])
2 − 1
4
(∂[µ,a8ν])
2
− 1
4
(∂[µ,a2ν])
2 − αA
2
(∂[µ,a8ν])(∂[µ,a2ν])
− 1
4
2∑
a=1
(∂[µ,a
a
Lν])
2
+
1
2
M2A6
2∑
a=1
[aa6µ +
√
3
2λ6
gW aµ ]
2
+
1
2
M2A6[a
3
6µ +
√
3
2λ6
(gW 3µ − g′Bµ)]2
+
1
2
M2A8[a8µ]
2
+
1
2
M2A2[a2µ +
1
2λ2
(gW 3µ − g′Bµ)]2
+
βA
2
[a2µ +
1
2λ2
(gW 3µ − g′Bµ)][a8µ]
+
1
2
M2AL
2∑
a=1
[aaLµ +
1
2λL
gW aµ ]
2
+
βAδ
′
2λ8F8
a32∂µθ8 +
βAδ
2λ2F2
a8{cosχ3∂µΠ˜3 + F2
2
(gW 3µ − g′Bµ)}
+
1
8
β2AM
2
A2δ
2
M2A2M
2
A8 − 14β2A
1
λ22F
2
2
{cosχ3∂µΠ˜3 + F2
2
(gW 3µ − g′Bµ)}2
+
1
8
β2AM
2
A8δ
′2
M2A2M
2
A8 − 14β2A
1
λ28F
2
8
(∂µθ8)
2 ( B.25 )
− 1
8
δδ′β3A
M2A2M
2
A8 − 14β2A
1
F2F8λ2λ8
∂µθ8{cosχ3∂µΠ˜3 + F2
2
(gW 3µ − g′Bµ)},
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where,
(
Π˜a
P˜ a
)
=
(
cosχL −sinχL
sinχL cosχL
)(
Πˆa
P a
)
, ( B.26 )(
Π˜3
P˜ 3
)
=
(
cosχ3 −sinχ3
sinχ3 cosχ3
)(
Π3
P 3
)
, ( B.27 )
cosχL =
√
3F6√
3F 26 + F
2
L
, sinχL =
FL√
3F 26 + F
2
L
, ( B.28 )
cosχ3 =
√
3F6√
3F 26 + F
2
2
, sinχ3 =
F2√
3F 26 + F
2
2
. ( B.29 )
C Pseudo Nambu Goldstone boson sector
LS = 1
2
{(∂µΠ˜3)2 + (∂µΠ˜a)2 + (∂µθ8)2}
+
1
8
(3F 26 + F
2
2 )(gW
3
µ − g′Bµ)2 +
1
8
(3F 26 + F
2
L)(gW
a
µ )
2
−
√
3β⊥
4F8F2
∂θ8{cos χ3∂µΠ˜3 + 1
2
(gW 3µ − g′Bµ)}+ L′br. ( C.1 )
Now we are ready for giving the explicit form for L′br. Because Π˜3, Π˜a and θ8 are NGBs
associated with broken global symmetry, we can introduce the follwing mass terms as L′br.
L′br = −
1
2
( Π˜3 θ8 )
(
m23
βS
2
βS
2 m
2
8
)(
Π˜3
θ8
)
− 1
2
m2aΠ˜
2
a ( C.2 )
The mass terms break the global symmetry without loss of SU(2)⊗U(1) gauge invariance
and these NGBs become PNGBs.
D O(p2) terms in axial vector and left-handed vector sector
In this appendix, we show how to determine the O(p2) terms which consist of NGBs and
PNGBs in this sector. As explained in the text, we add the O(p2) terms so that the
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incorporation of axial and left-handed vector mesons does not change the decay constants
of NGBs and PNGBs. By doing so, ρ (T ) parameter depends only on the parameters
in Ls . Though it is just the matter of the definition of the parameters of O(p2) terms
in Ls, our choise is convenient because the the parameters in Ls are directly related to
physical quantities such as decay constants. Further ρ (T ) parameter is independent of
the parameters in LA with the procedure adopted here. Let us discuss 0(p2) terms which
consist of α6⊥ and αL⊥ first. These terms are related to A6 and AL. The equations of
motion of A6 and AL up to O(p
2) are,
A6 =
i
λ6
α6⊥,
AL =
i
λL
αL⊥. ( D.1 )
By substituting these into (44), we do not have O(p2) terms of NGBs and PNGBs. There-
fore the O(p2) terms which are already present in (44) is enough. O(p2) terms which
consist of α2⊥ and α8⊥ have more complicated coefficients as shown in (44). We have
determined them in the follwing way. Let us focus on a part of LA
L0 = 1
2
M2A8(a8µ −
1
λ8
αˆ8⊥µ)2 +
1
2
M2A2(a2µ −
1
λ2
αˆ2⊥µ)2
+ βA
1
2
(a2µ − (1 + δ)
λ2
αˆ2⊥µ)(a8µ − (1 + δ
′)
λ8
αˆ8⊥µ)
=
1
2
( (a2 − 1λ2 αˆ2⊥) (a8 − 1λ8 αˆ8⊥) )
(
M2A2
βA
2
βA
2 M
2
A8
)(
(a2 − 1λ2 αˆ2⊥)
(a8 − 1λ8 αˆ8⊥)
)
+
1
2
( (a2 − 1λ2 αˆ2⊥) (a8 − 1λ8 αˆ8⊥) )
(
0 βAδ
′
βAδ 0
)(− 1
λ2
αˆ2⊥
− 1
λ8
αˆ8⊥
)
+
βA
2
δδ′
λ2λ8
αˆ2⊥αˆ8⊥, ( D.2 )
where we have used the follwing notation;
A2µ = i
1
2
(
0
τ3
)
a2µ, ( D.3 )
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A8µ = i
1
4
√
3
(
I6
−3I2
)
a8µ, ( D.4 )
α2⊥µ =
1
2
(
0
τ3
)
αˆ2⊥µ ( D.5 )
α8⊥µ =
1
4
√
3
(
I6
−3I2
)
αˆ8⊥µ ( D.6 )
The equations of motion for a2 and a8 up to O(p
2) are:
(
a2 − 1λ2 αˆ2⊥
a8 − 1λ8 αˆ8⊥
)
=
1
2
1
M2A2M
2
A8 −
β2
A
4
(
M2A8 −βA2
−βA2 M2A2
)(
0 βAδ
′
βAδ 0
)( 1
λ2
αˆ2⊥
1
λ8
αˆ8⊥
)
( D.7 )
By substituting this into L0, we obtain;
Lc = −1
4
β2AM
2
A2δ
2
M2A2M
2
A8 − 14β2A
1
λ22
tr(α2⊥µ)2
+ −1
4
β2AM
2
A8δ
′2
M2A2M
2
A8 − 14β2A
1
λ28
tr(α8⊥µ)2
+ − 2√
3
δδ′βAM2A2M
2
A8
M2A2M
2
A8 − 14β2A
1
λ2λ8
tr(α2⊥µτ3α8⊥µ) ( D.8 )
By subtracting Lc from L0, we obtain O(p2)terms which consist of α2⊥ and α8⊥ in (44).
These are the desired counter terms which kill the effect of axial vector mesons and left-
handed vector mesons on ρ (T ) parameter.
E S in QCD scale up technicolor model
For the completeness, we compute Stheory of QCD scale up technicolor model which is
quoted in the introduction and (78). The QCD scale up technicolor model has SU(2)L ⊗
SU(2)R global symmetry and NTC = Nc = 3. Therefore we only need to study the SU(2)
subsector of one-family model. S in this model is given by;
S = 4pi[
1
G2V
− 1
λ2A
]. ( E.1 )
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The GV and λA are defined in the same way as G6 and λ6. GV and λA are determined
by ρ→ pipi and a1 → γpi decays .
Γρpipi =
1
48pi
mρ(
m2ρ
2GV f
2
QCD
)2(1− 4m
2
pi
m2ρ
)
3
2 , ( E.2 )
Γaγpi =
α
24f2QCDG
2
A
(m2a −m2pi)3
m3a
, ( E.3 )
where fQCD is the pion decay constant. By using the following values,
fQCD = 93MeV, mpi = 140MeV, mρ = 768MeV, ma = 1260MeV,
Γρpipi = 152MeV, Γaγpi = 0.64MeV,
we obtain;
G2V = 31.5, G
2
A = 106.
This leads to the following estimation of Stheory for the QCD scale up technicolor model
which is quoted in the text.
Stheory = 0.28 ( E.4 )
Because they are dimensionless quantities, the scaling relations between the parameters
in QCD and that of the technicolor are given by,
G6 = GV , λ6 = λA. ( E.5 )
This equalities hold if the underlying dynamics of the techniquark sector is the same as
that of QCD.
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Table Caption
• Table(1): J,P,C,I and electric charge of the technimesons incorporated in the effec-
tive Lagrangian. In the third column, the numbers of corresponding technimesons
are shown. In the fourth column, techniquark contents with the same J,P,C,I and
electric charge are shown.
Figure Captions
• Figure(1): The Feynman diagrams for the contribution to S in the techniquark
sector.
• Figure(2): The Feynman daigrams for the contribution to S in the technilepton
sector.
• Figure(3): The Feynman diagram for the contribution to δΠ11 part of U due to
the left-handed vector meson.
• Figure(4): S < 0 (S > 0) region with vector( 1−−) dominance assumption for
αV = 1. G6, G2 and Gω2 are coupling constants associated with vector mesons. (See
(31) in the text.)
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Jpc Number Isospin charge
P α 0− 35 Q¯γ5T αQ
Π3 0−+ 1 L¯γ5τ 3L 1 0
θ8 0
−+ 1 Q¯γ5Q− 3L¯γ5L 0 0
Π± 0 2 L¯12(1− γ5)τ±L 1 ±1
V α6µ 1
− 35 Q¯γµλαQ
ω6µ 1
−− 1 Q¯γµQ 0 0
ρ2µ 1
−− 1 L¯γµτ 3L 1 0
ω2µ 1
−− 1 L¯γµL 0 0
Aα6µ 1
+ 35 Q¯γµγ5T
αQ
A8µ 1
++ 1 Q¯γµγ5Q− 3L¯γµγ5L 0 0
A2µ 1
++ 1 L¯γµγ5τ
3L 1 0
A±Lµ 1 2 L¯γµ
1
2(1− γ5)τ±L 1 ±1
Table 1
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